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Abstract 
A large-eddy simulation (LES) is used to investigate the characteristic spatial and temporal dimensions and behavior of aeolian sand 
streamers in a spatially developing turbulent boundary layer at 510Re . Solid particles are tracked in a Lagrangian way. One-way 
coupling was assumed to model particle–flow interactions, based on the assumption that the particles were very diluted. This is the first 
simulation of a particle-laden turbulent boundary layer we are aware of, presumably with the focus on saltation of inertial particle and the 
structuresof  aeolian streamers. In our simulation, complicated transport patterns and the formation and evolution of aeolian sand 
streamers are clearly observed, which is unavailable from experiments.The numerically estimated spatial and temporal dimensions and 
mean saltation height is compared with the experimental data of [1]. We find that the hight of saltation maybe play a  significant role in 
the formation or maintenance of streamers. 
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Nomenclature 
Re  momentum thickness Reynolds number
u  instantaneous fluid velocity (m/s) 
U  bulk velocity of boundary layer (m/s) 
kinematic viscosity of air(m2/s) 
Pu  velocity of the particle (m/s) 
Px  position of the particle(m) 
Fu  fluid velocity at the particle location (m/s) 
P   particle density(kg/m
3)  
Pd  particle diameter(mm) 
DC  Stokes drag coefficient 
PRe  particle Reynolds number 
momentum boundary layer thickness(m) 
1. Main text  
Aeolian sand streamers are universal phenomena in natural environments, they are quasi-linear concentrations of wind-
blown sand in the streamwise direction, also known as sand snake, and are the most obvious visual manifestation of 
temporal and spatial variability of aeolian sand transport rates which is often cited as one source of disparity between 
observed and predicted rates of aeolian mass flux. In recent years many experiments and numerical simulation have been 
performed in order to study temporal and spatial variability in aeolian transport, see [2] for a review. [3] performed One-
dimensional simulations of the unsteady saltation process, they observed that transport rate's response depends on the 
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amplitude and frequency of the wind fluctuations. Experimental investigation conducted by [1] shown that sand streamers 
display a characteristic width of approximately 0.2 m and an average lateral spacing of about 1m. A further understanding 
of the formation and behavior of sand streamers may be critical for improved predictions of aeolian sand transport and for 
puting forward more sophisticated models that account for the transport variability. 
 The purpose of this work was to establish a 3D model in which turbulence is get through LES and Lagrangian particle-
tracking algorithm  is implemented to model the saltation process. Specifically, two objectives will be pursued: (i) to 
simulate the formation and evolution of sand streamers; and (ii) to quantify the characteristic spatial and temporal 
dimensions of sand streamers. 
2. Numerical methodology 
The standard SIMPLE algorithm is used to solve the three-dimensional, incompressible, LES versions of the Navier-
Stokes and continuity equations with periodic boundary condition in the spanwise direction. The flow equations were 
discretized with the finite volume method on a non-staggered grid arrangement. Time integration is performed using a 
fourth order Runge-Kutta method. The pressure Poisson equation is solved using SIP method [4]. A dynamic subgrid scale 
model [5] is applied  to account for the interaction between the resolved and the unresolved scales. 
The present computational domain is shown in Figure(1.a) and has dimensions 35 0.5 0.6x y zL L L m . There are 
100×45×64 grid points in the streamwise, spanwise, wall-normal directions, respectively. The mesh is uniform in the 
streamwise and spanwise directions while a hyperbolic tangent stretching is used in the wall-normal direction to cluster 
points near the wall. The no-slip boundary condition was imposed at the solid wall, and the boundary conditions on the top 
surface of the computational domain were +c =0t xu u where c is the local bulk velocity. Periodic boundary 
conditions were applied in the spanwise direction. The inflow generation scheme of [6]. combined with the mirroring 
method proposed by [7]. was used for the present LES to get a spatially developing turbulent boundary layer. The 
momentum thickness Reynolds number at the inflow plane is = =20000Re U where U (=10.0 m/s) is the bulk velocity 
and (=1.5×10-5m2/s) is the kinematic viscosity of air, (=0.02 m)is the momentum boundary layer thickness at the inflow 
of the domain. 
(a)     (b)  
Fig. 1. (a) Schematic of the computational domain and (b) a representative two-dimensional (‘pencil’) decomposition 
Concerning the dispersed phase, one-way coupling was assumed to model particle-flow interactions, based on the 
assumption that the particles were very diluted. Furthermore, particles are assumed to be pointwise, rigid, spherical and to 
obey the following vectorial Lagrangian equation of motion:  
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where Pu and Px denote the velocity and position of the particle, respectively, Fu is the fluid velocity vector at the particle 
location, P (=2650kg/m
3) is the particle density, Pd (=0.2mm) is the particle diameter and DC  is the Stokes drag coefficient 
given by [8]:  
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where PRe is the particle Reynolds number ( P P F PRe d u u ). The left-hand side of (4) represents particle inertia, and 
the terms on the right-hand side of (5) represent the effects of Stokes drag and gravity. The numerical integration of 
positions and velocities of the Lagrangian particles is achieved by fourth order Runge–Kutta scheme. The fluid velocities at 
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the particle locations are interpolated by a trilinear scheme. Particles were injected at a constant rate into the turbulent flow, 
they were introduced randomly in the spanwise direction at a fixed line away from the wall 0.5 Pd ,at the inflow, the initial 
velocity of the particle was equal to the local flow velocity. Periodic boundary conditions are imposed on particles moving 
outside the computational domain in the spanwise directions, i.e. when a particle reaches the spanwise boundary of the 
computational domain, it is reintroduced from the opposite side. The interactions between particles and the solid walls of the 
turbulent boundary layer are same with [9], occurring when the distance between particle centre and wall equals the particle 
nominal radius. 
The particle-tracking algorithm and LES are parallelized using domain decomposition and MPI (message passing 
interface). Figure(1.b) illustrates the pencil domain decompositions used in our simulation. 
3. Preliminary results 
A sketch of the geometric configuration is shown in Figure(2.a), where an instantaneous flow field is plotted together 
with sand particle positions, indicated with black dots, for the case 0.2mmPd . Figure(2.b) shows an top view of 
instantaneous sand particle configuration in a wall-parallel plane close to solid walls. As apparent from the figure, the sand 
particles are unevenly distributed, with larger local density occurring in elongated clusters, namely sand streamers.  The 
detailed and comprehensive results are processing, and will show in final full paper. 
 
Fig. 2. (a) Instantaneous configuration of sand particles inside our computational domain.  
 
 
Fig. 2. (b) Top view of instantaneous flow fields in a wall-parallel plane located at y=0.004m 
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